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Abstract 

In this paper we give explicit construction of massive N = 1 supermultiplets in 
flat d = 4 Minkowski space-time. We work in a component on-shell formalism based 
on gauge invariant description of massive integer and half-integer spin particles where 
massive supermultiplets are constructed out of appropriate set of massless ones. 
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Introduction 



In a flat space-time massive spin s particles in a massless limit decompose into massless spin 
s, s — 1, ... ones. This, in particular, leads to the possibility of gauge invariant description 
of massive spin s particles, e.g. pQ- [13]. In this, two different approaches could be used. 
From one hand, one can start with usual non gauge invariant description of massive particle 
and achieve gauge invariance through the introduction of additional fields (thus promoting 
second class constraints into the first class ones). From the other hand, one can start with 
the appropriate set of massless particles having gauge invariance from the very beginning and 
obtain massive particle description as a deformation of massless theory. This last approach 
closely mimic situation in spontaneous gauge symmetry breaking where gauge field has to 
eat some Goldstone field(s) to become massive. 

In the supersymmetric theories all particles must belong to some supermultiplet, massive 
or massless. Till now most of investigations in supersymmetric theories where bounded to 
massless supermultiplets. Quite a few results on massive supermultiplets mainly devoted 
to superspins 1 and 3/2 exist [H]-[2T]. The aim of this paper is to extend these results to 
include massive N = 1 supermultiplets with arbitrary superspins. Certainly, it would be 
nice to have superfield off-shell description of such supermultiplets, but as previous results 
clearly show it is a highly non-trivial task. So in this paper we restrict ourselves with 
component on-shell formalism in terms of physical fields. The same reasoning on the massless 
limit means that massive supermultiplets could (should) be constructed out of the massless 
ones in the same way as massive particles out of the massless ones. So our approach will 
be supersymmetric generalization of the second approach to massive particle description 
mentioned above. Namely, we will start with appropriate set of massless supermultiplets 
and obtain massive one as a smooth deformation. 

The paper is organized as follows. Though our previous examples on massive superspin 
1 [21] and superspin 3/2 [15] supermultiplets already give important hints on how general 
case of arbitrary superspin could looks like, due to peculiarities of lower spin fields they are 
not enough to achieve such generalization. Thus, in the first two sections we give two more 
concrete examples, namely massive supermultiplets with superspin 2 and 5/2, correspond- 
ingly. All these and subsequent results heavily depend on the gauge invariant description of 
massive particles with integer [21 [3] and half-integer [10] spins as well as on the known form 
of massless supermultiplets [22] • For reader convenience and to make paper self-contained, 
in the next two sections we give all necessary formulas in compact condensed notations. One 
of the lessons from previous investigations is that the structures of massive supermultiplets 
with integer and half- integer superspins are different, so in the last two sections we consider 
these two cases separately. We will see that, in spite of large number of fields, all calculations 
are pretty straightforward and mainly combinatorical. 

1 Superspin 2 

Massive superspin 2 supermultiplet contains four massive particles with spins 5/2, 2, 2' and 
3/2, correspondingly. In the massless limit massive supermultilets must decompose into the 
appropriate set of massless ones in the same way as massive spin s particles — into massless 
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spin s, s-1, ... ones. Simple counting of physical degrees of freedom immediately gives: 

^2 ) ( 3/2 ) ( T ) ( 1/2 ) ( O^O' 

So we will start with five massless supermultiplets (^^ u ,h^ u ), (f^,^^), (B^,^) 
and (Xj- 2 )- From our previous experience with massive superspin 1 and superspin 3/2 su- 
permultiplets we know that it is crucial for the construction of massive supermultiplets to 
make dual rotation of vector and axial-vector £> M fields mixing massless supermultiplets 
containing these fields. But now we have two tensor fields and as well, moreover they 
necessarily must be tensor and pseudo-tensor ones. Thus we have to consider the possibility 
to mix massless supermultiplets with these fields as well and the real structure of massless 
supermultiplets we are going to work with looks like: 
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Then, introducing a sum of the massless Lagrangians for bosonic fields: 

Co = U a h^d a h^-(dhy(dh)^ + (dhyd,h- l -d»hd^h + 
+\d a rdj, u - (dfy(df)„ + (dfya.f - \d»fd,f - 
-\a,u 2 - \b, v 2 + \{d^f + i(«Vr) 2 (1) 

as well as sum of the massless Lagrangians for fermionic fields: 

-1^*0^ + i(* 7 )(dtt) - ^ 7 )<9( 7 ^) + \i>&i> - 

+ i(n 7 )(sn) - ^ 7 )<9( 7 fi) + l -xd x (2) 

it is not hard to check that the most general supertransformations leaving sum of massless 
Lagrangians invariant have the form (round brackets denote symmetrization): 

= --y|0" a/3 5a(cOs(6» 2 )/l /3( ^ ) - sin(6» 2 ) 7 5//3(^))^ 

6hp, = v^cos(# 2 )($ M ^) +isin(# 2 )(^ 7 ^) (3) 
8 f,„, = v / 2sin(6» 2 )(<l^ 7 5r7) +icos(6» 2 )(^ ( ^ )75 r7) 
= -a^d a (sm(9 2 )h^ + cos(9 2 )f^ 5 )r ] 

for the supermultiplets containing spin 2 fields and 

tffyi = -^-y|^ Q/3 (cos(^)A a/3 - sin(^ 1 ) 75 S^) 7 ^?7 



SAp = V2cos(9 1 )(n fl r ] ) +isin(0 1 )(^) (4) 
bB^ = v / 2sin(6'i)(^75r7) +icos(6»i)(^75^) 

= -^<7^(sin(0i)4^ + cos(0i)7 5 B a /?)»7 
for those with (axial)vector ones. The last supermultiplets is simple: 

5 X = -i^d^ip + 757r)^, Sip = (xn), 5tt = (xi5V) 

To construct massive supermultiplet we have to add mass terms for all fields as well as 
appropriate corrections to fermionic supertransformations. In this, the most important ques- 
tion is which lower spin fields play the roles of Goldstone ones and have to be eaten to make 
main gauge fields massive. For the bosonic fields (taking into account parity conservation) 
the choice is unambiguous: vector and scalar tp fields for tensor field h^ v and axial- vector 

and pseudo-scalar ix — for pseudo-tensor f^. Thus bosonic mass terms will be: 

-d = s/2[h^d^A v - h(dA)} - VSA^ip + V2[r u d^B u - f(dB)} - y/SB^n 

TTh 

= -^(^V-^ 2 )-/|v + ^ 2 -^(/^V-/ 2 )-/|/^ + ^ 2 (5) 

But for fermions we have two spin 3/2 and two spin 1/2 fields and there is no evident choice. 
Thus we introduce the most general mass terms for the fermions: 

-Cm = "^<V + ($7^(7$ )m + 7^ - 

+ai[*"^ - (%)(7*)] + a 2 [Wn„ - (Q 7 )(7^)] + a 3 [^^ - (*7)(t«)] + 
+ia A (^^)il) + ia 5 (^^)x + ia e (Cl^)^ + ia 7 (Cl>y)x + 

+a 8 ^V + a 9 i>x + awXX (6) 
and proceed with calculations. Cancellation of variations with one derivative gives: 

sin(0 2 ) = cos(0 2 ) = ai = 

sin(0i) = cos(^i) = — «2 = a/2 
v2 

ai = — -, a 3 = 1, a 4 = a/2, a 5 = 

a 6 = a 2 "\/2, a 7 = a/3, a 8 = 0, a 9 = -a/6, 
while variations without derivatives give: 

1 1 

a 2 - -, a w - -- 



Resulting fermionic mass terms: 

-Cm = + ($7)^(7% + 

-U>^» + ^(*7)(7*) + " ^(«7)(7n) + " (*7)(7«) + 

+^(^7)^ + -^(^7)^ + iv^Tk " V64>X - \*X (7) 

correspond to invariance of the Lagrangian (besides global supertransformations) under three 
local spinor gauge transformations: 

7777 771 777 

m im im 
= + -j=^ - — 7 ^! + — 7^2 

^ = d4 2 + mV2^ + + ^7^2 (8) 
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v/2 

From these formula one can easily determine which combination of spin 3/2 fields ^ and 
f2 M plays the role of Goldstone field for spin 5/2 field <&^ v . Indeed, if one introduces two 
orthogonal combinations: 

then after diagonalization of mass terms one finds that ^ is a Goldstone field, while - 
physical field with the same mass as §^ u . 

Similar to the case of massive supermultiplet with superspin 1, both mixing angles have 
been fixed: Q\ = 62 = it /A and this, in turn, means that all bosonic fields enter through the 
complex combinations only: 

= V + 75//«/, C^ = + 7 5j B m , z = tp + 7 5 tt 

Introducing gauge covariant derivatives: 

V M F a/3 = - ^=C„,g a p, V ' = d^z - mV3C 

we can write final form of fermionic supertransformations as: 

% — 777 777 / 3 

^ hi 71 ! 1 771 

^ = [-i^^ + ^(7^ + ^V^-^ 7 ^ (9) 
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Note also that due to complexification of bosonic fields the Lagrangian and supertrans- 
formations are invariant under global axial U(1)a symmetry, axial charges for all fields being: 



field 


V 


<V, ^ n ^ A x 




Qa 


+ 1 
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2 Superspin 5/2 

Our next example — massive supermultiplet with superpin 5/2. It also contains four massive 
fields: with spin 3, 5/2, 5/2' and 2 and in the massless limit it should reduce to six massless 
supermultiplets: 



( 3 \ 

5/2 5/2 

V 2 ) 



3 
5/2 



5/2 
2 



2 
3/2 



3/2 
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1/2 



1/2 
0,0' 



By analogy with all previous cases we will take into account possible mixing for bosonic tensor 
and vector fields, so we will start with the following structure of massless supermultiplets: 



fj,i/ 



n 



h 



A, 



V 



#1 



1> 
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So we introduce sum of the massless Lagrangians for bosonic fields: 
Co = -i9^\9 p <^ 

+ l -d a h^d a h^ - (dhr(dh), + {dhyd.h - l -d»hd,h - i + 1(9^) 2 

+\d a rd a f, u - (dfndf), + (djydj - \d»fd,f - -b^ + l -(d^y (10) 

as well as sum of the massless Lagrangians for fermionic fields: 

+ l -Q^dQ^ - 2i{tt 1 y{dQ) t , + ^7)^(7% + i(ft 7 d)ft - ^tidQ - 

- l -wd% + <(n 7 )(sn) - '-mo^n) + % -xd x 



:n) 



and start with the following global supertransformations: 



5$^ = i{^^ ulx)V ) 8^^ = [-a al3 d a <5>^ u + -9 ((U 7,)(7$)]?7 



(12) 



5 



for the super mult iplet (3,5/2), 

= --^cr al3 d a (cos(9 2 )hf 3(p 'j I/) - sm{e 2 )^f0{nlu))r] 

<?V = V2cos{e 2 )(Q llu r ] )+ism(e 2 )(^ { ^ u) r ] ) (13) 

8 ft* = v / 2sin(^ 2 )(0^7 5 r7) +icos(^ 2 )(^(^)75^) 
^ = -(7^9 a (sin(^)/i^ + cos^ 2 )/^75)77 

for the mixed (5/2,2) and (2,3/2) supermultiplets, 

5A^ = v / 2cos(^ 1 )(n^)+2sin(^ 1 )(^) (14) 
5B^ = v / 2sin(^ 1 )(^7 5 r7) +icos(^)(^75^) 
8^ = -^a a P(sm(6 1 )A a p + coa(6 1 )'y5B a p)ri 

for the mixed (3/2, 1) and (1, 1/2) supermultiplets and 

5 X = -i^dykp + 75^)^, 5<p = (xv), Sir = (xi5V) 

for the last one. 

By analogy with the superspin 3/2 case, we will assume that fermionic mass terms are 
Dirac ones: 

-c m = -^v+2(^r(7% + ^+ 

777 Zi 

- ^(%)(7«) + 2i(tt 7 ty + 2i(Q 7 )x - (15) 

where all coefficients are completely fixed by the requirement that the Lagrangian has to be 
invariant not only under the global supertransformations, but under four (by the number of 
fermionic gauge fields) spinor gauge transformations: 

im m 15 im m 15 

/5 3 [5 3 

As for the bosonic fields, here the roles of the fields are evident (again taking into account 
parity conservation): we need tensor h^, vector and scalar ip fields to make spin 3 field 
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$ M j,a massive, while pseudo-tensor f^ v field needs to eat axial-vector and pseudo-scalar 
n fields. So the bosonic mass terms are also completely fixed: 

^& = Vsi-^d^Kx + 2®»{dh)r - ^d^h] + Vh[h^d^A v - h(dA)} - VQA"d^ + 



rn 



+V2[f^d^B u - f(dB)} - VSB^n 



(16) 



'15. 



m 



— 2 (rf^-f)-s}- 2 h + ^ 



(17) 



Now we require that the whole Lagrangian be invariant under global supertransformations 
with appropriate corrections to fermionic transformations. This fixes both mixing angles: 



1 



1 



sin(0 2 ) = \ -, cos(6> 2 ) = -t=, sin(6 l i) = \ -, cos(6>i) = — = 
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and gives the following form of additional terms for fermionic supertransformations: 



m 

—59. 

m 



\1V 



= «[(7*)^+o^(7^) 



1 5 



4 V 3 



l(^A v) + -g^A - -J -7( M ^)75 + x9^ B K}v 



m 

m 
m 



4 V 3 
1 



2 V 6^ 



5-5 1 



2^/3 



2^/3 



r 3 5 



1 3 



= ^2 y g (7^)m + 2 y 2 ( 7 ^^ 75 ~ 7 ^ ~ 7^75^ 
= [-</?- 27 5 7r]?7 — 5% = «h/(L4 + ^575]^ 



(18) 



The complete supertransformations for fermionic fields could be simplified by introduction 
of gauge invariant derivatives; 



d„h 



m 



m 



V M / a/ 3 — dnf a p - -j=B^g a/3 , 



V^7r = (9 m tt - mVSB^ 



This time bosonic fields do not combine into complex combinations, but due to the fact that 
fermionic mass terms are Dirac ones the Lagrangian and supertransformations are invariant 
under global axial U(1)a transformations, provided axial charges of all fields are assigned as 
follows: 



field 


77, ^v, ^ 


hjxv-i ffiv, A^, Bp, if, 7T 


9/11/1 9/1-1 X 


U 


+1 





-1 
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3 Massive particles 



All our previous and subsequent calculations heavily depend on the gauge invariant descrip- 
tion of massive high spin particles. For reader convenience and to make paper self-contained 
we will give here gauge invariant formulations for massive particles with arbitrary integer 
[21 E] and half-integer [10] spins. We restrict ourselves to flat d = 4 Minkowski space but all 
results could be easily generalized to the case of (A)dS space with arbitrary dimension d. 

3.1 Integer spin 

The simplest way to describe massless bosonic field with arbitrary spin s is to use completely 
symmetric rank s tensor ^f ai a 2 ...a s ) which is double traceless. In what follows we will use 
condensed notations where index denotes just number of free indices and not the indices 
themselves. For example, the tensor field itself will be denoted as $ s , it's contraction with 
derivative as (cM>) s _i, it's trace as $ s _2 and so on. As we will see this does not lead to any 
ambiguities then working with free Lagrangians quadratic in fields. In these notations the 
Lagrangian for massless particles of arbitrary spin s could be written as: 

c = (-i) s [-d^ s d^ s - -{d^y- 1 ^) 3 - 1 - s ^ s ~ 1 V <r~ 2 <9 M <l^ 2 + 

+^^(<9$r i <9 (1 <i s - 2) - a(a ~^ (a ~ 2) (^r 3 (^r 3 ] (19) 

Z o 

where $ = 0. This Lagrangian is invariant under the following gauge transformations: 

5 $ s = d ( i£ s _i), | s _ 3 = 

where parameter £ s _! is completely symmetric traceless tensor of rank s — 1. 

To construct gauge invariant Lagrangian for massive particle which has correct (i.e. with 
right number of physical degrees of freedom) massless limit, we start with the sum of massless 
Lagrangians with < k < s: 

c = Y,(-i) k [-d^ k d^ k - -(d^y-^a^y- 1 - k ^ k - ^ d^ k - 2 d^ k ~ 2 

k=o 2 2 4 

+ k _^_A m ^ d{1 ^ k _ 2) _ fe(fc-l)(fe-2) (a ~ )fc _ 3(a ~ )fc _ 3] (2Q) 

Then we add the following cross terms with one derivative as well as mass terms without 
derivatives: 

-A = xx-ijvcag)*- 1 ^-! + ( k - i)^- 2 (<9$) fc -2 + {k ~ 1)( ; k " 2) (d<s>y- 3 h- 3 ] 

m ^ 4 

— 2 L 2 = Y.{-l) k [d k <$> k <$> k + e k &- 2 § k „ 2 + f k $ k - 2 $ k - 2 ] (21) 
m 2 

and try to achieve gauge invariance with the help of appropriate corrections to gauge trans- 
formations: | 

— = a k £ k + p k 9(2^ k -2) 
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Straightforward but lengthy calculations give a number of algebraic equations on the un- 
known coefficients which could be solved (and this is non-trivial because we obtain overde- 
termined system of equations) and give us: 



(s - k)(s + k + 1) _k+l 



a k = ^—^ , ^ x = —a k , 0<k<s-l 



(s-k + l)(s + k) , (s — k — l)(s + k + 2) 
afc -"V 2 ' 4 " Mk + T) 

e k = ^ k { ~ + l) 1) [(s-k + 2)(s + k-l) + 6] 



f k = --^/(s - k + 2)(s + k - l)(s - k + l)(s + k) 
3.2 Half-integer spin 

For the description of massless spin s + 1/2 particles we will use completely symmetric rank 
s tensor-spinor ^ s such that (7^)5-3 = (in the same condensed notations as before). Then 
Lagrangain for such field could be written as: 

C = i(-l) , [jf'9!lf* - s^)'-^)'- 1 + ^7) s_1 9(7*r 1 1 

+ S(S ~ 1) (^ 7 g) S - 2 ^- 2 - S ( S ~ 1 ) |r 5 ~ 2 d&~ 2 ] (22) 

2 8 
and is invariant under the following gauge transformations: 

60^ s = 9(16,-1), (7O = 0, 

where gauge parameter £ s -i is a 7-traceless tensor-spinor of rank s — 1. 

Once again we start with the sum of massless Lagrangians with < k < s: 

fc=0 2 2 

+ fc(fc ~ 1) (%g) fc " 2 ^- 2 - fc ( fc ~ 1 ) § <! " 2 ^-2] (23) 
2 8 

To combine all these massless fields into one massive particle we have to add the following 

mass terms: 

-iCfcK^T)*" 1 **- 1 - fc ~ 2 ( 7 ^) fc - 2 ]| (24) 

and corresponding corrections to gauge transformations: 

5^ k = a k ^ k + i/3fc7(i£fc-i) + Pfcfi f (2^fc-2) 
Then total Lagrangian will be gauge invariant provided: 



/ (s + l) 2 - k 2 c k+ i s + 1 _ Cfc 

Ch ~\ 2 ' ak ~ k + r Pk ~2k(k + \y pk ~2k 
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4 Massless supermultiplets 

It is not easy to find in the recent literature the explicit component form of massless su- 
permultiplets with arbitrary superspin [22], so for completeness we will give their short 
description here. As we have already seen on the lower superspin cases, supermultiplets 
with integer and half-integer superspins have different structure and have to be considered 
separately. 

(s, s+1/2). Supermultiplet with integer superspin s contains bosonic spin s field and 
fermionic spin s + 1/2 one. In this and in two subsequent sections we will use the same con- 
densed notations as in the previous one. By analogy with superspins 1 and 2 supermultiplets, 
we start with the following ansatz for the supertransformations: 

5^ s = za 1( 7^a M $ Ks _i7i)77 <5$ s = (3(^ s r]) 

Indeed, calculating variations of the sum of two massless Lagrangians one can see that most 
of variations cancel, provided one set a.\ = — f . The residue: 

5C = -(-ir / g ~ ~ 2) [2(Wd) a - 2 $ 8 - 2 - fr '~V$.- 2 - (s - 2)(§dr 3 (d<l) 5 _3 - 
-2(^ 7 «9) s - 2 ,9<i> s _ 2 + 2(^ 7 «9<9) s - 3 ( 7 <i>) s -3 - (f dy- 3 d(^) s . 3 ] 

contains terms with $ s _2 only, so we proceed by adding to fermionic supertransformations 
one more term: 

= ia 2 <9(i7i<l s _2) 
Then the choice a 2 = ^ -1 ^~ 2 ^ leaves us with: 

5C = -(-I) a /? (S ~ 1} 4 (S ~ 2) [2(f 7^) 8 " 3 (7 *)s-s ~ (^) s - 3 9(7$) s -3] 

where the only terms are whose with (7$) s _3. So we make one more (last) correction to 
sup ert r ansf ormat ions : 

5"^ s = 2a 3 Sf( 2 <9i(7<l) s _3) 

and obtain full invariance with a 3 = — ( s ~ W -2 )* 8 , To fix concrete normalization we will use 
closure of the superalgebra. Calculating the commutator of two supertransformations we 
obtain: 

[6 1 ,6 2 ]$ a = -ip 2 (fj2'fVi)d li ®. + ... 

where dots mean "up to gauge transformation" . So we set (3 = y/2 and our final result looks 
like: 

i - i(s — l)(s — 2) 
5V S = -— a ^d^ u ^ lll)V + 1 2 ^ q9 ( i7i$.- 2 ) - <7 (2 <9i(7$) s -3)h 

6® s = v / 2(^ s r / ) (25) 

(s+1/2, s+1). Half-integer superspin multiplet contains fermionic spin s + 1/2 fields 
and bosonic spin s + 1 one. Again by analogy with lower superspin case we will make the 
following ansatz for supertransformations: 

5V S = axa^d^u^rj, 6<S> S+1 = i(3{^> \ s ji)T]) 
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This time most of the variations cancel if one set ot.\ = —j3 leaving us with: 

6C = z(-l)^^^[2(^) s - 2 (7$) s - 2 -^V( 7 $) s - 2 - 

-2(^7«9) s - 2 «9( 7 <J) s - 2 - (s - 2)(f 9) s - 3 ( 7 9i>) s _ 3 ] 

Then the full invariance could be achieved with the following correction to supertransforma- 
tions: 

<y^ s = a 2 <9(i7i(7$) s -2) 

provided a 2 = To check the closure of superalgebra and to choose normalization we 
calculate commutator of two supertransformations: 

[Si, 5 2 ]$ s+ i = -2ip 2 (f) 2 YVi)d^ s+ i + ■■■ 
Then our choice will be /3 — 1 and our final form: 

s — 1 

6V S = -a^d^ v{s) r] + ^j— <9 {1 7i(7$) s _ 2) r/, 8<& s+ i = z(tf (,71)77) 

Note that starting with superspin 2 the structure of supertransformations are defined up to 
possible field dependent gauge transformations and our choice differs from that of [22]. It 
makes no difference for massless theories but for massive case the structure of corrections 
for fermionic supertransformations depends on the choice made. 



5 Integer superspin 

Now, having in our disposal gauge invariant description of massive particles with arbitrary 
(half-)integer spins, known form of supertransformations for massless arbitrary superspin 
supermultiplets and concrete examples of massive supermultiplets with lower superspins, we 
are ready to construct massive arbitrary superspin supermultiplets. As we have seen, integer 
and half-integer cases have different structures and have to be considered separately. 

In this section we consider massive supermultiplet with integer superspin. Such super- 
multiplet also contains four massive fields: two bosonic spin s fields (with opposite parity) 
and fermionic spin (s+1/2) and (s-1/2) ones. Calculating total number of physical degrees 
of freedom and taking into account possible mixing of supermultiplets containing bosonic 
fields with equal spins and opposite parity, we start with the following structure of massless 
supermultiplets: 

( ®s \ s ( ®k 

A s B s =}► Y, A k B k 

V / fc=1 V tffc-i 

By analogy with superspin 1 and 2 cases, we will assume that all bosonic fields enter through 
the complex combinations Ck = Ak + iBk only (so that all possible mixing angles are fixed 
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and equal 7r/4). Thus we choose the following form of supertransformations for massless 
supermultiplets with 1 < k < s: 

5® k = -^^a (fc -i7i)^ + ^ ~ ^ ~ 2) [9(171^-2) ~ 9(2di(jC) k - 3) ] V 

5C k = 2($ kV )+iV2(y {k _ai)V) (26) 

1 — 2 

**fc-i = -^cr^d^^rj+^-^d^ (7C)ifc-3)77 

and also 

5$ = -idzrj, 5z = 2(<S> ?7) 
As a result of our assumption mass terms for bosonic fields are completely fixed: 

A = EC-iWe^dC?*-!) - (fc - i)c/"\dC) k . 2 + 1)(fc ~ 2) (d fc ' 2 < 9 (1 c' fc _3) + /i.e.)] 

fc=0 

A = E(-l)l4^ fc + e^ 2 C fe „ 2 + / fc (d^ 2 C' fc _ 2 + / i .c.)] 

fc=0 



(27) 



where 



1 /( s + fc)( s -fc + l) 



2 

1) 



4 = 



(s — k — l)(s + A; + 2) 



4(/s + 1) 

Cfc = 16(fc + 1) t( g ~ fc + 2 )( g + fc - !) + 6] 

/* = \/( s " fc + 2 )( s + k ~ X )( s - k + X )( s + fc ) 

As for the fermionic mass terms, apriori we don't have any restrictions on them so we have 
to consider the most general possible form: 



.r = 

*—' r m 



m 



E(-i)* 

k=0 



a lfc [$ fe $ fc -A;(<l>7) fe - i (7<l>) A; _ 1 



+a»[$** fc - fc(*7)* _1 (7*)*-i " ^^i fe_2 ^- 2 ] + 
+a 3fc [* fc ¥ fc - fc(%) fe - 1 ( 7 *) fe -i - ^=^~ 2 * fc _ 2 ] + 

+* lfc p 7 ) fe - i $ fc _ 1 - ^^i fc ~ 2 ( 7 $) fc _ 2 ] + 

+iM($7) fc_1 *fc-i " ^y^^^ 2 (7^)fe- 2 ] + 
+?6 3 fc[(%)^ 1 $fc-i - ^^^ 2 ( 7 $) fc - 2 ] + 

_ ~y ~ k —2 

+ ^4it[(*7) fc_1 *fe-i ^— * (7*)fc-2] 



(28) 



Where: 



G2s — a 3s — — b As — 
12 



The requirement that total Lagrangian be invariant under (appropriately corrected) super- 
transformations gives: 

1 2^2 k 



Oifc — — fl2fc — —-, — — Cfc+i, a 3k 



2' ^ k + l K+u M 2(k + l) 



bik — — 2cfc, 6 2 fc — t=, &3fc — 0, &4fc — — 2cfc+i 



1 

72' 

In this, additional terms for fermionic supertransformations look like: 



1_ 2ic k+1[ . k(k-l) ~ (k - l) 2 (2k + 1) . . 

_ fc-l , (A; — 1)(A; — 2) ^ 
~ + ~~ 2AP 1 9(2<^k-2) ~ 

-^[7(iC fc -i)-^( 2 (7C) fc -2)] (29) 

^fc fc(fc-l) =, (fc-l)(3fc + l) . 

"^ + 1)^ " 4(aT+T) 7( fc_1) + 8k(k + l) ^C) k . 2) ] - 

V2c k+1 1 (fc-l)(fc-2) - 
— ^7^ 6fc + (7<-)fc-i) + ^ ^(2C fc _ 2) J (30) 

Here the supertransformations for field contain terms with C k +i, C k and C k -i fields in 
the first, second and third lines correspondingly, while that of ^/ k contain terms with C k + 2 , 
Cfc+i and C k fields. 



6 Half-integer superspin 



Next we turn to the half-integer superspin case. This time we have two fermionic spin (s+1/2) 
fields and bosonic ones with spins (s+1) and s. Usual reasoning on physical degrees of freedom 
and possible mixings leads us to the following structure of massless supermultiplets we will 
start with: 



V 



"-S+1 



B s 



A 



s+l 



E 

fc=i 





We see that this structure is rather similar to that of integer superspin case. The main 
difference (besides the presence of A s+ i, supermultiplet) comes from the mixing of bosonic 
fields. We have no reasons to suggest that all mixing angles could be fixed from the very 
beginning so we have to consider the most general possibility here. Let us denote: 

C k = cos(9 k )A k + 75 sm(9 k )B k , D k = s'm(9 k )A k + 75 cos(9 k )B k 
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In these notations supertransformations for massless supermultiplets could be written as 
follows. Highest supermultiplet: 

s — 1 

5A S+1 = i(* (i 7i)77) 5V S = -a^d^A^rj + — ^— (l7l ( 7 A) 8 _ 2) 77 
Main set (1 < k < s): 

cos(9k)(§kV) + i si n (6 l fc)(\l/(/ c _i7i)?7) (31) 
SB k = v / 2sin(6>fc)($fc75^) +^cos(6» fe )(^( fe _i7i)7 5 r7) 

k — 2 

= -a^d^D^k-^rj H — <9(i7i(7£>) fc _ 3 ?7 

and the last supermultiplet: 

<5<3>o = -idzrj, 5z = 2($ r]) 

By analogy with superspins 3/2 and 5/2 cases we will assume that fermionic mass terms are 
Dirac ones. This immediately gives: 

- ic fe [(* 7 ) fe - 1 * jfc _ 1 - fc_2 (7*)fe-2 + (* - $)]} (32) 

where: 

/(s + fc + l)(s-fc + l) 

Cfc = V 2 

The choice for the bosonic mass terms (taking into account parity) is also unambiguous: 

A = ^(-1)^*^-1) - (fc - i)i fc - 2 (cM) fc _ 2 + (fe ~ ~ 2) i fc - 2 a (1 i fc _ 3) ] + 

fc=0 4 

E(-l) fc ^[5^ ( i5 fe -i) - (k - \)B k -\dB) k _ 2 + (fc ~ 1)(fc ~ 2) g fc - 2 a (1 g fc _ 3) ] (33) 

fc=0 

for the terms with one derivative, where: 



{s + k + l){s-k + 2) _ (s + k)(s-k + l) 



1 2 
and the following terms without derivatives: 



L A = & ^{-l) k [d k A k A k + hA^- 2 A k . 2 + f k A k - 2 A k ^} + 



11,1 I, 



+ J2(-mdkB k B k + e k B k - 2 B k ^ 2 + f k B k - 2 B k _ 2 ] (34) 

fc=0 
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Here: 

4 _fczfig±a. ^^- l(s _, + 3„ s+ ,, +6 , 

A = ~y/(s -k + 3)(s + fc)(s - fc + 2)(s + k + 1) 
(s- A;- l)(s + fc + 2) fc(A;-l) r , , n ,. , - fil 

1 



Note that hatted coefficients differ from the unhatted ones by replacement s — * s + 1. 

Now we require that total Lagrangian be invariant under the supertransformations. First 
of all this fixes all mixing angles: 



. (a , s + k + 1 s-k + 1 

sm( ^ ) = V^Ti7' cos( ^ ) = V^TiT 

and gives us additional terms for fermionic supertransformations: 
1 



m 



5'^ k = a 1 A k + a 2 -f(i('jA) k _ 1) +a 3 g { 2A k _2) + 
+(3 l B k + #27 ( i(7B) fc _i) + /hgpBk-2) + 
+ 4(T+ 1) [ sin ( g fc+2)7(i(7^)fc-i) + cos(0 fc+ i)7(i(7-B)fc-i) 
1 <5'$ fc = a 4 (7^)fc + «57(i^fc-i) + «6fi'(2(7^)fc-2) + 



m 



Where: 



+p 4 ('jB) k + A>7(i-Bfc-i) + /9 6 fi , (2(7^)fc-2) 
-:^cos(0 fe )[7(i4fc-i) -#(2(7^-2] - 

-^|Sin(^)[7 (lJ B jfc _ 1) - g (2 (-fB) k _ 2) ] 



s-k k 2 + s + k + 1 

ai = ~7W+^) a2 = ~ V2k( k + i) cos{6k) 

4V2k 2 {k + l) y 1 

s + k + 2 k 2 - s + k - 1 . 

A " 4^(fc + l) ^ 

"4 = sm(^ +1 ), a 5 = - sm(0 fe+1 ) 
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(k - l)[(jfe + l)(s + l)- 2k 2 {s - k)\ 
lk{k + lf 



^ - ± J[yn . -r j^Vf ~r x; - ^ ^ - ^ • / fl \ 
a 6 — o; / ,^ , sm(tf fe+1 J 



« 5 + 1 fa \ a k(k-l)(s + k + 2) , 
& = ^q-j- cos(^ +1 ), /3 5 = 4 ( fc + 1 )2 cos (^+i, 



(fc-l)[(fc + l)( g + l)-2A; 2 (s + fc + 2)] 

^ 6 = 8^ + l) 2 ( fe+l) 

We have explicitely checked that (rather complicated) formulas from this and previous 
sections correctly reproduce all lower superspins results. 



Conclusion 

Thus, using supersymmetric generalization of gauge invariant description for massive parti- 
cles, we managed to show that all massive N = 1 supermultiplets could be constructed out 
of appropriate set of massless ones. In this, in spite of large number of fields involved, all 
calculations are pretty straightforward and mainly combinatorical. Certainly, using gauge 
invariance one can fix the gauge where all but four physical massive fields are equal to 
zero. But in this case all supertransformations must be supplemented with field dependent 
gauge transformations restoring the gauge. So the structure of resulting supertransformation 
become very complicated and will contain higher derivative terms. 
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